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1) Retention of impermeability and viability of soybean seeds under water 
submergence 
Hard and i mpermeabl e seeds in soybean, as in other grain legumes , a re 
of common occurrence. Various workers have studied this trait in soybean and 
attributed it t o both genetical (Woodworth, 1933; Green and Pinnell , 1968; 
Kilen a nd Hartwig , 1978; Srinives , 1980; Srinives and Hadley , 1980; Rana e t 
al ., 1981; Shahi and Pandey , 1982) and envir onmenta l (Archavaleta and Snyder, 
1981; Gupta e t al . , 1981 , 1982) factors. Shahi and Pandey (1981) found as-
sociation of hard seeds with lateness in flowering and maturity . Maxey and 
Delouche (1980) and Minor and Paschal (1982) reported association of hard 
seeds and longer s t orage life . Rana et al. (1982) found positive associa-
tion of hard seeds with crushing hardness but negat ive correlation with water 
absorption , per cent laboratory germination and boldness index. Kolykos (1952) 
found positive association of hard seeds with grain yield , but Garg (1979) 
a nd Ra na et a l. (1982) did not observe any such correlation. Rana (1977, un-
published) found seasona l variation in occu rrence of hard seeds in popular 
soybean varieties like Pun jab- I and Lee . Such seeds when grown under field 
cond itions were found t o give normal germination (93%) and no hard seeds were 
found in the harvest obta ined from them, when grown under no rmal conditions 
of soil moisture throughout the plant life. Though ha rd seededness or imper-
meability t o water may not influence field germination , i t does become a prob-
lem when soybean is t o be cooked whole after soaking . The resultant prepara-
tion does not yield uniformly cooked beans unless over-cooked . 
The investiga tion being reported herein was not carried ou t as a s tric t-
ly laboratory exper iment, yet efforts were made t o s imulate laboratory condi-
tions a t h ome as far a s poss ible . The objective was t o find out whether soak-
ing the beans beyond 24 hours would h elp in r educ ing th eir number in a given 
lot to a desirable extent. The results given in Table l show that submerg-
ence of impermeable seeds in tap water even after a week did not reduce their 
number appreciably. The exper iment , though not initially planned to last 
that long, had to be con tinued for 19 months in order to see the persistence 
of impermeability under t otal submergence in the material being handled. 
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Table 1. Number of seeds imbibing water in successive weeks out of a lot of 
1000 soybean seeds containing about 50% hard seeds 
Week or No. of Progressive Week no. No. of Progressive 
day no . seeds total seeds total 
softened softened 
Day 
31 2 942 
1 495 495 32 1 943 
2 40 535 33 3 946 
3 33 568 34 5 951 
4 24 592 35 1 952 
5 20 612 36 1 953 
6 15 627 37 1 954 
7 15 642 39 1 955 
42 1 956 
Week 44 1 957 
2 so 692 45 4 961 
3 28 720 46 1 962 
4 51 771 48 2 964 
5 24 795 49 1 965 
6 24 819 52 1 966 
7 27 846 53 1 967 
8 8 854 54 1 968 
9 13 867 57 1 969 
10 10 877 58 2 971 
11 11 888 59 2 973 
12 9 897 60 2 975 
13 5 902 61 1 976 
14 6 908 63 3 979 
15 2 910 67 1 980 
16 4 914 68 2 982 
17 3 917 69 1 983 
18 1 918 70 1 984 
19 3 921 71 1 985 
20 1 922 72 1 986 
21 3 925 73 1 987 
22 2 927 74 2 989 
23 2 929 75 1 990 
24 1 930 76 2 992 
25 3 933 77 2 994 
26 2 935 78 1 995 
29 3 938 80 1 996 
30 2 940 82 1 997 
83 1 998 
84 1 999 
89 1 1000 
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The material consis ted of a mixture of rejected F3 lines of a cross be-
tween Punjab-1 (yellow seed coat) and Himso 330 (black seed coat with green 
cotyledons), grown during suITUDer, 1982 . The harvest had been stored at room 
temperature for over six months. Among the parents , Punjab-1 is medium ma-
turity variety and normally has no hard seeds, while the other parent is 
late and does contain 2- 5% hard seeds . However , the mixture had all shades 
of seed coat color , that is, yellow, brown, black, and mottled , and both yel-
low and green cotyledons . However , it contained about 50% hard seeds. 
One thousand seeds were picked randomly from this lot and soaked in tap 
water on May 9, 1983 . After 24 hours of soaking at room temperature, only 
495 seeds were found to have imbibed water and the rest had settled a t the 
bottom of the bowl. Th e soaked seeds were removed and ha rd seeds were washed 
and again put in tap water in the same bowl. Seeds of all types of coat and 
cotyledon color were found in both the normal and hard seeds . During next 
24 hours, only 40 seeds imbibed water and thereafter the number of permeable 
seeds continued declining and fell to 15 on the sixth and seventh day and t o 
only 12 seeds on the e ighth day . 
On one of the days during the first week when water was not changed af-
ter removing soaked seed , both the seeds and the surface of the bowl were 
found to be covered with gel type stuff on the following day . Thenceforth , 
both the hard seeds and the container were regularly washed in running wa ter, 
after removal of sof tened seeds . After two weeks, the seeds were transferred 
to a cup made of China clay and placed on the dining table lest we missed t o 
take the count of softened seeds regularly every morning and wash the rest 
of them. To f urther facilitate the regular maintenance of record of daily 
observa tions, the number of seeds that got soaked during an interval of 24 
hours was noted every morning on the wall calendar, so that any member of the 
family could record observations at breakfast time, whenever the author was 
not at home . Though observation s were recorded daily as given for the first 
seven days in Table 1, the same have been presented in the table weekwise from 
the second week onward in order to shorten the length of the table. 
For the first 26 weeks , at least one seed imbibed water every week, but, 
during the next two weeks, no seed were permeated . The table f urther reveals 
that from fifteenth week onward till the last week, the number of permeable 
seeds per week ranged from zero to five . During 21 out of 89 weeks, no seeds 
got permeated . All types of seeds , that is , those with yellow, brown, black, 
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and mottled seed coat or green and yellow cotyledons, continued to constitute 
the lot till the very end. Among the last five seeds, two had yellow, two 
brown and one black seed coats. Incidentally the last seed that alone re-
sisted permeability for over a month after the whole lot had imbibed had 
brown seed coat and yellow cotyledons. 
In order to test the viability and germinability, all seeds that imbibed 
water were put under moist conditions in plates or in sand beds, depending 
upon the situation. However, none of them was found to be inviable as all 
of them germinated well. 
In summer 1984, five plants were raised from these hard seeds. However, 
the pods in two of them were eaten by rats and harvest was obtained only from 
three. On testing, only one of the plants yielded two hard seeds out of 38 
borne on it. 
Both genetic and environmental factors have been reported to be respon-
sible for hard seededness. In the present case, one of the parents did con-
tain some hard seeds, but the seed lot had been harvested from a crop raised 
under upland conditions, where the seed developed and matured under water 
stress . The results point to the fact that, in addition to genetic factors, 
the environment played a fairly great role in rendering soybean seed imper-
meable to water, as discussed in detail by Archavaleta and Snyder (1981). 
As one of the hard seeds resisted permeability under submerged conditions 
for 88 weeks, while others remained impermeable for one day to 18 months, it 
is clear that degree of impermeability even under water submergence varied 
from seed to seed. Hard seeds have been reported to lose this characteris-
tic during storage at room temperature up to one year (Shahi et al . , 1982), 
but in the present case the impermeable seeds resisted imbibition of water 
even under complete submergence and thus this trait appears to have helped 
the genus Glycine in surviving the submerged conditions even for a consider-
ably long period of time. 
Conclusion that we can draw from this study is that soaking the soybean 
beyond one day does not reduce the hard seeds present in a lot appreciably 
and environment also plays an important role in the development of hard seeds. 
Such seeds are wholly viable and, depending upon the degree of impermeabili-
ty, can retain their viability under submerged conditions for months on end. 
This trait is unsuitable from cooking point of view, but appears to be a de-
sirable trait from the point of view of survival in nature and might have 
played an important role at different evolutionary stages of the crop. 
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